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AS AFPLIED TO A PIT0T-3TATIC TUBS 
LOCATED 0.55 CHORD AHEAD 
OP AN AIRPLANE '^ING 
By W. F. Lindsey 



SUMMARY 



The effect on static-pressure rneasurements of 
locating a pi tot-static tuba 0.55 chord ahead of an 
air:^oil section has teen investigated. The tests were 
conducted in the NACA 24.-inch high-speed tunnel on 
airfoil sections of various thickness ratios over a 
large range of Mach number. The results show that for 
a y/ing having a thickness ratio of 0*15 the measured 
Mach number, determined from a pitot-s tatic- tube reading, 
is approximately 0.01 too low at a stream Mach number 
of O.k and aprrcximately 0.03 too low at a 'Tach number 
of 0.8. 



INTRODUCTION 



Pressure measurements from pitot-static tubes 
mounted on aircraft are subject to two types of error, 
namely, the calibration error and the position error. 
The calibration error is a function of the design of 
the pitot-static t-.^loe, and considerable data are available 
to show the variation of this error at high Mach 
numbers (reference 1). The position error, which is 
dependent on the location of the pitot-static tube 
with respect to some other body, results from the 
influence of that body on the flov; at the pitot-static 
tube and affects, nrimarily, the sbatic pressure. The 
m.agnitude of this error and the variation of the 
magnitude v;ith angle of attack are usually determined 
by low-altitu.de flight calibrations. The existence of 



• • • • • 
> • • • 

• • • • • 



QC^N^TLE^TTIAL ^ ...-A^;^ C3 No. i4e29 



•• ••••••••• 0^ 

a large change in position error at high Mach niunbers 
has bean observed in flight for installations below the 
wings of aircraft. 

The data presented and discussed herein were 
obtained as a part of a tunnel-wall investigation which 
v\^as conducted in the NaCA 24-inch high-speed tunnel and 
in which a part of the two-dimensional-flow field 
around an airfoil was measured. The measurements of 
the static pressure were m.ade at tine tionnel wall in the 
region ahead of the airfoil on the chord extended 
(fig, 1). These measurements indicate the position 
error in the case of many standard pltot-static-tube 
installations but not the change in calibration error 
resulting from the variations in the pitch angle of 
the pitot-static tube or the errors in the total pressure. 
The tests were conducted for a large range of thickness 
ratio at lift coefficients extending from approximately 0 
to 0.7 and at Mach numbers extending from, approxi- 
mately 0.25 to O.BO 



APPARATUS AND Ml^THOD 



Tests of the NaCA 16-106, KaCa 16-215, and NaCA 
16-130 airfoil sections were conducted in the NaCA 
24-lnch high-speed tunnel (reference 2) with tlTie 
circular test section modified by the installation 
of flats on the tionnel walls. Those flats reduced 
the span of each model from 24 to 16 inches (fig. 2). 
Each mxOdel completely spanned the test section and 
passed through holes, of the samie shape but slightly 
larger, in large circular plates tiiat were fitted into 
the flats in such a way as to rotate with the model. 
(See fig. 2.) Pressures were measured at static- 
pressure orifices installed in these plates ahead cf 
the model on the chord extended, as shown in figure 1. 
These pressure orifices were connected to a photo- 
recording multiple-tube manom.eter (reference 5), and 
measuremzents were miade for Mach nuriibers extending fi-om 
approxim.ately 0.35 to O.&O. 



RESULTS AND DISCUSSION 



The symbols used in the presentation of data for 
the present tests are as folloW'S? 
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ic pressure measured at oririce aneaa oi 



Stat 

airfoil 

n stream static pressure 

H total or stagnation pressure 

Cj section lift coefficient 

M Mach number 

t/c thickness ratio of model 

a angle of attack of model 

c chord of model 

Vj_ indicated airspeed (true airspeed at standard sea- 
level pressure and temperature) 

h pressure altitude 

The basic results presented in figure 5 show that 
the static pressure at' 0.55c ahead of the leading edge 
of the model is greater than the stream static pres- 
sure, in accordance with theory. This result occurs 
because of the stagnation region that exists at the 
leading edge of the m.odel. Figure 3 also shows that 
the magnitude of the difference between the m.easui-^ed 
and the stream static pressures Increases as the 
thickness of the model increases because of the 
increased extent of the stagnation region. 

The effects of comipre ssibllity on the flow along 
the upper and lower surfaces of an airfoil ha^-e been 
shown by experimental investigations (reference 2) and 
by theoretical studies (references 4 to 7). No 
quantitative information, however, has been available 
on the flow field ahead of the point of stagnation 
pressures, that is, the region of zero velocity. 
Because of the unusual condition existing at this 
point, the m.ethods which have been applied to the 
flov/ along the surfaces are not believed to be appli- 
cable to the region under consideration. 

Theoretical studies of compressible flov;3 and 
experimental data have shown, however, that the extent 
of the region at the leading edge of models, in which 
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the pressure is greater thaa stream pressure, increases 
with increasing Mach number. These increases are corn- 
oarable tc increases in thickness, the effect of which 
at a constant Mach number can be seen in figure 3. 
This effect may be modified by the decrease in the 
extent of the field of Influence unstream of the model 
with increasing ?^ach number, which results because the 
velocity of pressure propagation is equal to the 
velocity of sound. . Although no qimntitative comparison 
of the relative magnitudes of the two effects can be 
given from previous investigations, it can be seen in 
figure 3 that for the present investigation the over-all 
effect of compressibility on the field of flov; is to 
increase the pressure and thereby increase the position 
error with increased Mach number. 

The location of the pressure orifice relative to 
the model remained unchanged for changes in angle of 
attack. The effect of changes in angle of attack or 
in lift coefficient on the static-pressure error is 
small within the limits of this investigation. A 
m.ore extensive investigation of the field of flow 
ahead of the model would be needed to explain the 
reason for the difference in direction of the change 
in this static-pressure error v;ith increase in lift 
coefficient at M = 0.4 for the airfoils having 
thickness ratios of 0.06 and 0.30. (See fig. 3.') 

The effect of pressure altitude on the variation 
of the Dosition error with indicated airspeed is 
presented in figure 4. These variations with altitude 
are a result of the variations of Mach number with 
altitude at a constant Indicated airspeed. 

The basic results of figure 3 for an angle of 
attack of 0^ have been converted to show, in figure 5, 
the error in Mach number resulting from the increased 
static pressure. Tlie most significant result indicated 
in this figure is the effect of position error on the 
magxnitude of the error in the determination of the Ivlach 
number^ For the airfoil with a thickness ratio of 0.15, 
the Mach num.be r decrem.ent is approximately 0.01 at a 
Mach number of 0.4 and 0.03 at a Mach number of 0.0; 
for the airfoil with t/c = 0.30, the Mach number 
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decrerrent is apr)rbxi**a€e*ly* o!t)l at a Mach number 

of 0.25 and O.bS at a Mach number of 0.72, The 
decrement for airfoils having a thickness ratio 
of 0.06 or less is r^robablj?- within the usual accuracy 
of measurements . 
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(b) Downstream view with model in place. 

Figure 2.- Modified test section of the NACA 24-inch 

high-speed tunnel. 
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